. The g e c t of gonadectomy and hypophysectomy on hepatic microsomal metabolism of lignocaine and imipramine
Results are expressed as nmol of product formedhin per mg of protein (means* 1 s . D . ) . *P<O.OS; **P<O.Ol; ***P<0.001, relative to the relevant control (intact male or female). Abbreviation used: n.s., not significant. fugation as previously described (Berg & Gustafsson, 1974) . Incubation with substrate and subsequent separation of the metabolites was performed by using a modification of the methods of von Bahr et al. (1977) for lignocaine and Bickel & Gigon (197 1) for imipramine. [methylene-14ClImipramine (2 x 1OSd.p.m., 560pg) or Icarbonyl-"Cllignocaine (2 x lo5 d.p.m., 200pg) was added to each incubation, which also contained an NADPH-regenerating system and approx. 6mg of microsomal protein. After extraction and separation of the metabolites by the previously published methods, the radioactive zones were located and quantified by either thin-layer scanning with a Beckman model 7230 radiochromatogram scanner or radioautography. The metabolites were initially identified by gas chromatography-mass spectrometry with authentic compounds as standards and subsequently by t.1.c. with authentic materials as standards.
Two metabolites were found for lignocaine (the de-ethylated compound monoethylglycylxylidide and 3-hydroxylignocaine) and four major metabolites for imipramine (the demethylated compounds demethylimipramine and didemethylimipramine, imipramine N-oxide and 2-hydroxyimipramine). Sex differences were as found previously, i.e. dealkylation and N-oxidation were higher in males than females and hydroxylation tended to be lower in males.
In intact males the Nde-ethylation of lignocaine was higher than in intact females (Table 1) . Castration of male animals decreased the amount of Nde-ethylation, but not to the female level (0.9nmoVmin per mg of protein in castrated males, compared with 0.3nmoVmin per mg of protein in intact females). Ovariectomy had no effect on lignocaine Ndeethylation. Hypophysectomy of male animals had a simiiar effect to castration, but the effect of both operations was not additive, indicating that the &ect seen on hypophysectomy was the result of technical castration. Hypophysectomy of female animals, however, increased Nde-ethylase activity to the value for the castrated male.
Taken overall these results indicate a role for the pituitary gland and the testes, but not the ovaries, in the control of hepatic microsomal drug metabolism. This is borne out by the results obtained for imipramine metabolism, where the Ndemethylase and N-oxidase activities follow the same pattern as that of the lignocaine Nde-ethylase activity.
This dual control by androgen and the pituitary gland is very similar to that seen for the metabolism of steroids by the rat liver, indicating that the metabolism of drugs and steroids is controlled in a simiiar, if not identical, manner. Arylsulphatases (arylsulphate sulphohydrolases, EC 3.1.6.1) from the livers of rats, cows and humans have been extensively studied over many years (Dodgson & Rose, 1975) . Although Balasubramanian & Bachhawat (1975) purified arylsulphatases from sheep brain, no attention appears to have been given to the gastrointestinal tract of this species. The objective of the present study was to test whether these organs possessed enzymes similar to those previously described in sheep brain and in the livers of other species.
Acetone-dried powders of sheep liver or other tissues were prepared; aqueous extracts of these powders were then made daily (Roy, 1953) . Phenyl sulphate, 4-nitrophenyl sulphate and 2-hydroxy-5-nitrophenyl sulphate were prepared, and colorimetric determinations of enzyme activity were as described by Dodgson & Spencer (1957) . The sulphate ester of 4-methylumbelliferone was prepared and used in duorimetric determinations (Rinderknecht et al., 1970) .
Liver arylsulphatase
After extraction of acetonedried powder with water, the remaining debris retained considerable arylsulphatase activity. The substrate 4-nitrophenyl sulphate was hydrolysed readily, but the activity was inhibited when concentrations of substrate Vol. 8 BIOCHEMICAL SOCIETY TRANSACTIONS above 1 2 m~ were used. The activity was only slightly increased by 2Om~-NaCl. Although this insoluble enzyme was not further investigated, it is likely to be microsomal arylsulphatase C.
The activity of the acqueous extract was investigated in more detail. Preliminary studies showed that the activity is stable for 24 h at 4OC, the rate of hydrolysis of 2-hydroxy-5-nitrophenyl sulphate was constant for 3 h at 37OC, and the rate of hydrolysis is proportional to the protein concentration. Experiments to ddermine the pH of optimal activity were conducted by using 0.13 M buffers, 16.7 m~-2-hydroxy-5-nitrophenyl sulphate and 1 h incubation. When acetic acid/sodium acetate buffer was used the pH optimum was 5.5, but when citric acid/sodium citrate buffer was used the pH optimum was increased to 6.0. The behaviour is similar to that described by Roy (1953) for ox liver arylsulphatase A, because citrate had the effect of an inhibitor at pH values below 6.0. When 25 mht-4-nitrophenyl sulphate was used with acetate buffer, the pH optimum was 6.5. Webb & MOKOW (1959) also discovered that 4-nitrophenyl sulphate was hydrolysed best at a higher pH than was optimum for 2-hydroxy-5-nitrophenyl sulphate. The simple ester phenyl sulphate was not significantly hydrolysed.
In further work on the unfractionated extract 2-hydroxy-5-nitrophenyl sulphate was used as substrate, and 0 . 1 3 m~-sodium acetate/acetic acid buffer was employed. When the results of various substrate concentrations on the rate of hydrolysis at pH 5.5 were analysed by a double-reciprocal plot, the apparent K,,, for the substrate was 2 5 m~. The effects of 0.25 mM-Na$O,, 6.3 mM-Na,SO, and 20m~-NaC1 were investigated at several pH values. Na,SO, was a potent inhibitor at all pH values. Na,SO, had no effect at pH5.5, but slightly stimulated the activity at pH 7.0. CI ions had a complex effect, which depended on both substrate concentration and pH. At low pH, CI-ions were inhibitory, but at pH5.5 they enhanced catalytic activity. A similar effect was described by Webb & MOKOW (1959) .
Electrophoretic separation of soluble arylsulphatases
Aqueous extracts of powder from liver were freeze-dried and redissolved in 0.1 vol. of electrophoresis buffer. Samples (1Opl) were applied to 3cm x 60cm paper strips and electrophoresis was carried out for 16h at 550V in a flat-bed apparatus with water cooling. Michaelis's barbital sodium/sodium acetate buffer was used (Diem, 1962) . Buffers of various pH values were tried, but the best resolution was obtained at pH7.4. At this pH two components migrating in opposite directions were observed. The anodally migrating material had the higher mobility.
Segments of the electrophoretogram containing the two components were eluted with distilled water. The eluates were then incubated with 5 m~-4-methylumbelliferyl sulphate in 50mM-sodium acetate/acetic acid buffers of various pH values for 10min. The anodally migrating component had the lower pH optimum (5.4). The pH optimum for the other component was 5.6. The anodally migrating material therefore corresponds to arylsulphatase A and the cathodally migrating material to arylsulphatase B, as described for rat liver (Dodgson et al.,  1955) .
The identities of these components were confirmed by examining the effect of Ag+ ions. At a concentration of 0.75mM-Ag+ the ability of the anodally migrating enzyme to catalyse the hydrolysis of 4-methylumbelliferyl sulphate was abolished, whereas the other component was inhibited by only 20%. A similar differential effect of Ag+ on soluble arylsulphatases from human leucocytes has been noted (Christomanou & Sandhoff, 1977) .
Arylsulphatase in gut wall
Acetone-dried powders were also prepared from gut wall (mucosae and muscle). The aqueous extracts of these powders possess arylsulphatase activity, but this is much lower than from extracts derived from liver. Extracts derived from abomasum, duodenum, ileum and colon all had the same pH optimum as liver extract. The activity was also strongly inhibited by Na,SO,. The sulphatase activities of these tissues measured by using 2-hydroxy-5-nitrophenyl sulphate (16.7 mM) and 0.13 mMsodium acetatelacetic acid buffer, pH 5.5, in 1 h incubations were, for liver, ileum, duodenum, colon and abomasum, respectively, 49, 0.7, 0.7, 0.7 and 0.5pmollh per g wet wt. of tissue.
It is concluded that the arylsulphatase activity of sheep liver resembles that previously described in detail for human, arat and bovine liver. The preliminary data on the enzymes extracted from gut wall indicate that similar enzymes are also present, but in lower concentrations, than in liver. We have recently shown that pretreatment of 4-day-old rat pups with the glucocorticoids dexamethasone or corticosterone evokes the precocious development of hepatic cytochrome P-450 (Leakey & Fouts 1978 , 1979 and of hepatic NADPHcytochrome c reductase, aminopyrine N-demethylase and 7-ethoxycoumarin 0-deethylase activities (Leakey et al., 1979). We have proposed that endogenous glucocorticoids play a major rolt in controlling the natural early postnatal development of the cytochrome in rat liver (Leakey & Fouts, 1979) .
As cytochrome P-450 can exist in multiple forms that are inducible to different extents by different xenobiotic inducers (Haugen et al., 1976), we have further characterized the hepatic cytochrome P-450 induced with dexamethasone. In the following experiments (1-3), 24day old rat pups were treated with either 35mg/kg dexamethasone acetate or 0.9%
